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Abstract: CuAg core–shell nanoparticles are synthesized by ultra-high vacuum thermal 
evaporation. We show on this system how the Energy-Filtered Transmission Electron Microscopy 
(EFTEM) technique allows one to improve the characterization by precisely pointing out the 
formation of core-shell arrangements in bimetallic nanoparticle assemblies. A criterion to measure 
the shell thickness from EFTEM images on unique core-shell nanoparticles is defined, that can be 
used for core-shell nanoparticles of any sizes, with shell thicknesses over 1 nm. It is based on the 
intensity variation along a line drawn across a core-shell nanoparticle on a EFTEM image. This 
criterion has been validated by a close comparison of the shell thickness measurements performed 
in this work and the ones obtained by acoustic micro-Raman spectroscopy. Using this criterion, we 
report a strong correlation between the size of the Cu cores and the formation of the core-shell 
arrangements in the nanoparticle assembly studied in this work. The influence of the Cu core shape 
is also evidenced. The characterisation of such systems using High Resolution TEM (HRTEM) is 
also discussed. 
Keywords: Energy filtered transmission electron microscopy ; nanoparticles ; core-shell system ; 
crystal growth.
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1. Introduction 
Core–shell nanostructures have recently attracted much attention, from both experimental 
and theoretical point of views, since it is possible to enhance or to design new physical and 
chemical properties that cannot be obtained in the single components nanoparticles. It is also 
possible, by modifying the thickness of the shell to tailor these properties in a certain range. Core–
shell nanoparticles have been used for catalysis applications, optical and magnetic properties. For 
the catalysis applications, the association of two different metals offers higher catalytic activity, 
better selectivity of catalytic reactions and stability (Sao-Joao et al., 2005; Skarman et al., 2002; 
Toshima, 2000; Toshima et al., 1992). In the case of magnetic properties, core–shell nanostructures 
have been developed to obtain nanoparticles with individual improved magnetic properties by 
reducing the direct interaction between the nanoparticles (Favre et al., 2004; Zeng et al., 2004). In 
the optical domain, semiconductor core–shell nanostructures have been synthesized to enhance 
photoluminescence by the passivation of the core material with a shell having a higher band gap 
energy (Chen et al., 2003; Reiss et al., 2002), to improve stability against photochemical oxidation 
and to perform band structure engineering (Correa-Duarte et al., 1998; Kim et al., 2003). 
Metal/oxide and metallic core–shell nanostructures have also been developed in order to modify the 
surface plasmon resonance energy to a given value by varying the relative composition of the core 
and the shell as well as their relative size (Basu & Chakravorty, 2006; Gaudry et al., 2003; Zhu et 
al., 2004). Finally, some recent papers report the use of core–shell nanocomposite materials formed 
with metal, oxide and/or semiconductor in order to combine magnetic and optical properties in a 
single nanostructure (Kim et al., 2005; Lu et al., 2002).  
In all such applications, the knowledge of the morphology as well as the precise thickness of 
the shell are key parameters in order to understand the physico-chemical properties of the 
nanostructures. Several techniques have been used to study these nano-objects. These techniques 
can be classified in two categories: the ones that give access to direct imaging of the core–shell 
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nanostructures and the spectroscopic techniques which give indirect information on the 
nanostructures but in a more statistical way. Transmission Electron Microscopy (TEM) is one of the 
best tools to image such nanostructures. Among the various TEM techniques, the most common 
ones to study single objects are the High Resolution Transmission Electron Microscopy (HRTEM) 
and the Scanning Transmission Electron Microscopy (STEM) imaging techniques. While the first 
one has several limitations (low sensitivity to chemistry, zone axis orientation, etc.) for the 
characterization of core/shell nanostructures the second one has given very good results in the AuPt 
and AuAg systems (Garcia-Gutierrez et al., 2004; Li et al., 2005). 
In the domain of spectroscopy, Raman (Hodak et al., 2000; Sader et al., 2002), EXAFS 
(Extended X-ray Absorption Fine Structure) (Harada et al., 1992) and optical spectroscopies (Lu, et 
al., 2002; Huang et al., 2004; Yang et al., 2005) have been widely used. Since the interpretations of 
the data are model dependent, they have to be used in close connection with, at least, one of the 
imaging techniques cited above (Cazayous et al., 2006). 
  In this paper, we have studied by Energy Filtered TEM (EFTEM) the CuAg core–shell 
nanostructure. A core-shell growth is expected according to thermodynamical arguments: silver and 
copper being immiscible elements (0.1 % solid solution at 298 K) and a lower surface energy for 
Ag (1210 mJ/m
2
 for Ag compared to 2130 mJ/m
2
 for Cu) favor the surface silver segregation. These 
values are averaged from {111}, {110} and {100} surfaces energies (Vitos et al., 1998). The 
chemical mapping by EFTEM has been widely used for the characterisation of multilayered 
materials. This is a perfect tool to study core–shell nanostructures since it produces a chemical map 
of the specimen on sufficiently large area that allows to obtain statistical data on the specimen. To 
our knowledge, the EFTEM technique is actually not enough popular in the materials science 
community and needs further attention because of its high performance to image complex nano-
objects at a nanometer resolution. These experiments have been coupled to HRTEM observations in 
order to study the structural properties of the core–shell configurations at the atomic scale. 
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2. Experimental methods 
CuAg core-shell synthesis 
Core–shell CuAg nanostructures are fabricated by successive deposition of Cu and Ag under 
ultra-high vacuum conditions directly onto carbon coated grids. The deposition method is thermal 
evaporation from two crucibles containing respectively Cu and Ag. The substrate is an ultra-thin 
amorphous carbon film (thickness about 4 nm) transparent to electron beam and supported by a 
holey carbon microscopy grid.  This kind of substrate was chosen because of the importance of 
substrate thickness in the results presented hereafter and also because it can be used by almost 
everyone involved in nanoparticles fabrication, including both chemists and physicists. 
During the deposition of Cu and Ag, the substrate is heated at a temperature of 400°C. After 
this operation, the nanoparticles are annealed during half an hour at the same temperature in ultra-
high vacuum. Pressure inside the deposition chamber is below 107 Torr. Typically, evaporation 
rates for Cu and Ag were around 0.25 nm per minute in nominal thickness. Since the wetting of 
metallic species on amorphous carbon is low (Campbell, 1997), nanoparticles are formed instead of 
a film on the substrate and the nominal thickness indication does not obviously correspond to the 
size of the particles. For CuAg nanoparticles, two different core-shell nanoparticles were 
synthesized: (i) sample A obtained by a deposition of 6 nm of Cu followed by a deposition of 3 nm 
of Ag, and (ii) sample B obtained by a deposition of 2 nm of Cu followed by a deposition of 1 nm 
of Ag.  
Energy filtered TEM technique and application to chemical mapping 
The basic principle of the Electron Energy Loss Spectroscopy (EELS) consists in the energy 
dispersion of the electron beam with a magnetic prism after the specimen in order to obtain a 
spectrum of the electron energy losses (Egerton, 1996). Energy filtered imaging (EFTEM) can be 
obtained by introducing a slit in the energy dispersive plane along the optical path and hence 
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selecting only electrons having lost a specific part of their energy by inelastic interactions with the 
different elements of the specimen. By optically forming images with the energy filtered electrons, 
it is then possible to obtain chemical maps of the region of interest (Reimer, 1995; Shindo & 
Oikawa, 2002).  
For core-shell nanoparticles, lateral (projected) dimensions of the Ag shell are small, and the 
thickness is also limited along the optical axis. These limitations result usually in poor signal-to-
noise ratio (SNR) for the images and may be the restrictive criterion for applying the EFTEM 
technique to nanostructured core-shell particles. This is the reason why we used an ultra-thin carbon 
film as a substrate for the nanoparticles deposition, in order to minimize its contribution to the 
filtered image. Choosing an commercial amorphous carbon substrate is interesting for 
characterizing nanoparticles synthesized by chemical routes: several procedures exist to transfer the 
nanoparticles from the solvent to the surface of the thin carbon film without too much aggregation 
(Zeng, et al., 2004; Yang, et al., 2005).  
EELS spectra have been first acquired on the B sample, with the thinnest Ag layer, to get 
insight for the EFTEM parameters, that is, at which edges the selecting slit should be exactly placed 
for constructing the chemical maps for Ag and Cu, as well as the appropriate energy width of the 
slit. A large area including many particles has been selected by decondensing the electron beam. 
Experimental Cu and Ag electron energy-loss spectra are shown on Figure 1a and 1b respectively. 
The shape of the Cu edge corresponds to the reference given by Ahn and Krivanek (Ahn & 
Krivanek, 1983), with a smooth edge located at 920eV (L2,3 edges), followed by a second part 
slowly decreasing. The L1 core-loss absorption edge is clearly visible at 1100eV. The shape of the 
spectrum is typical from non-oxidized copper (Shindo & Oikawa, 2002). Due to the small quantity 
of silver with respect to copper (1:2) together with the formation of shells instead of clusters, the Ag 
spectrum is far more diluted into the background.  
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The microscope used for this study was a JEM 2100F working at 200 keV, equipped with a 
high-resolution pole piece (point-to-point resolution of 0.19 nm) and a post-column GIF 2001 
(Gatan Imaging Filter). Chemical maps have been acquired by the three-window technique (Reimer, 
1995) using the GATAN Digital Micrograph software. The optimum conditions are realized using a 
slit width of 30 eV with the three windows centred at 340, 380 and 420 eV for Ag, and 850, 900 
and 950 eV for Cu. 
3. Chemical and structural study 
 Sample A – Chemical mapping 
Conventional TEM images in bright field mode are commonly used to determine 
statistically the shape and the size of the nanoparticles. However, this type of images gives no 
insight on the chemical nature of the nanoparticles. In this work, chemical maps of Ag and Cu are 
obtained by performing EFTEM experiments on nanoparticles formed on sample A. Figure 2 shows 
a set of three EFTEM images revealing the core-shell structure of the considered area. On the Ag 
map (Figure 2a) and the Cu map (Figure 2b), white pixels correspond to Ag and Cu signals, 
respectively, on the same area. The complementarity between the Cu and Ag localization is well 
convincing. Figure 2c shows a color image compiling Ag and Cu maps together, which gives a 
strong evidence of the formation of core-shell arrangements on sample A.  
Criterion for shell thickness measurements 
The criterion that will be used to measure the Ag shell thickness on the EFTEM images has 
to be clearly defined before starting a statistical study of the EFTEM images. To address this point, 
we consider the intensity profiles drawn on an Ag EFTEM image of sample A across (i) a core-shell 
nanoparticle (Figure 3a, left) and (ii) a pure Ag nanoparticle (Figure 3a, right). First of all, we can 
notice that the Ag signal on the core-shell intensity profile is lower near the centre of the 
nanoparticle than on the edges, where the profile exhibits two intense peaks with different 
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decreasing behavior depending on whether the inner or the outer side of the nanoparticle. These two 
observations can be explained using a simple geometrical model of the nanoparticle shape: the cores 
are assumed to be half ellipsoids, truncated by the substrate, and silver consists in an 
homogeneously thin layer covering the core. The half ellipsoidal morphology is considered here 
because of (i) the weak interactions between copper and the amorphous substrate, (ii) high diffusion 
of metallic species on the heated substrate and (iii) coalescence events during the growth, giving 
rise to elliptic morphologies in the plane of the substrate. Figure 3b shows a cross section of such a 
modelled core-shell nanoparticles (black lines). The Ag thickness crossed by the electron beam 
(which is considered perpendicular to the substrate) as a function of the position is also represented 
on the figure (grey line). A larger Ag thickness crossed by the electron beam will results in a larger 
number of inelastic interaction events.  This is the reason why the intensity profile will be higher on 
the edges of the core and smaller in the middle of the nanoparticle. As a consequence, the two peaks 
match the maximum projected Ag thickness visible on the model. The decreasing behaviors on both 
sides of the peaks also correspond to the variation of the Ag thickness crossed by the electron beam. 
It is important to note that the global shape of the intensity profile (double-peaked and non-zero 
intensity at the centre) is the same if we consider a spherical shape, an ellipsoidal shape with any 
semi-axes values, with any height of truncature by the substrate. 
A question remains: where stops the Ag layer on the edges of the core-shell nanoparticle ? It 
seems reasonable to consider that when the intensity becomes comparable to the noise level of the 
image, the limit of the nanoparticle is reached.  The error on the measurement then depends on the 
shape of the silver layer and the SNR of the images. 
From these considerations, the criterion chosen to measure with a good approximation the 
Ag shell thickness was defined as the lateral extension between the maximum intensity of the peak 
and the limit of the area for which the intensity becomes comparable to the standard deviation of the 
noise level of the image. An example is shown on the core-shell intensity profile of Figure 3a left 
(black area). 
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Profiling also allows differentiating between core-shell nanoparticles and pure Ag 
nanoparticles on EFTEM images. On the EFTEM image of Figure 3a, a second distribution of very 
small Ag nanoparticles appears between the large CuAg clusters. For these pure Ag nanoparticles, 
the contrast variation across the particle (Figure 3a, right) is obviously different from the core-shell 
profile of Figure 3a, left. The results of the shell thickness measurements using the criterion 
described here have been confirmed by a more global technique. In a previous work (Cazayous, et 
al., 2006), we measured by micro-Raman spectroscopy the shell thicknesses in an assembly of 
CuAg core-shell nanoparticles precisely located on a labelled microscopy grid. The measurements 
were obtained using the Lamb theory to extract the average Ag layer thickness from acoustic 
breathing resonance of the core-shell nanoparticles, with an accuracy of 0.3 nm. The results 
obtained on the very same particle population using a global and a local technique were identical 
and this gives us a strong confidence in the EFTEM measurement criterion defined in this work. 
Core size and shell thickness measurements 
The size distribution on CuAg sample A, presented on Figure 4a, exhibits a bimodal size 
distribution centred on 4.5 nm (FWHM 3.9 nm) for the first peak and 20.5 nm (FWHM 11.6 nm) 
for the second. This corresponds to the core-shell CuAg population combined with the small pure 
Ag nanoparticles. Such a polydisperse distribution is common when thermal evaporation is used to 
synthesize the nanoparticles. The shell thickness distribution (Figure 4b) obtained from EFTEM 
images is centred on 5 nm (FWHM 2.2 nm), with values ranging between 3 nm and 7 nm. 
As it can be seen on Figure 2c, different configurations are formed on the substrate. Perfect 
CuAg core-shell nanoparticles are visible, together with partially segregated ones and pure Ag 
nanoparticles. It is interesting to note that segregation occurs for the largest nanoparticles, contrary 
to the smallest ones which are in a perfect core-shell arrangement. This point will be developed 
later in this paper. 
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Moiré effect 
The complete capping of the Cu core by the Ag shell is evidenced by a well-known optical 
effect called ‘moirés’ (Figure 5). Large dark stripes appear on bright field TEM images when 
interferences occur between two slightly different spatial frequencies (in orientation and/or spacing) 
in the reciprocal space. Here, the two sets of fringes are the (111) fringes from Cu and Ag and they 
are oriented in the same direction because of the epitaxial relationship between the two crystals. 
This epitaxial relationship can be seen on the power spectrum on the inset of Figure 5, on which Ag 
and Cu crystals are oriented along the same [110] zone axis of the Face Centred Cubic (FCC) 
structure, with the same radial orientation of the four equivalent 111 reflections of the two crystals. 
A set of moiré fringes is then formed, normal to
111 111
Cu Ag  g g g , with spacing equal to: 
111 111
111 111
1 Ag Cu
Ag CuMoiré
d d
d
d d
 
 g
   
By taking 
111 0.2087
Cud  nm, the moiré pattern periodicity (dmoiré = 1.7 +/- 0.15 nm) gives a value of 
0.237 nm for 
111
Agd  in the epitaxial layer, which gives an Ag lattice parameter equals to 
0.410 0.06a   nm, showing that the silver layer has recovered the bulk Ag lattice parameter 
( 0.4086bulka   nm). This means that the thickness of the Ag layer is greater than the critical 
thickness below which the accommodation of the core-shell lattice misfit by elastic strain would 
occur. 
Sample B – Chemical mapping and measurements 
From Figure 2c, it is worth noting that the core-shell arrangement is found for the smallest 
nanoparticles (<12 nm) of the distribution. Over this limit, most of the CuAg nanoparticles do not 
present the core-shell configuration. The size of the pre-existing Cu cores being unambiguously an 
important parameter in the formation of the core-shell arrangement, we turned to the synthesis of a 
core-shell system with smaller cores. Controlling the size of the Cu nanoparticles can be done by 
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two different means. The first way would be to lower the substrate temperature during the formation 
of the Cu core, decreasing the Cu diffusion on the surface. Cu atoms would be then fixed more 
efficiently on the nucleating sites, resulting in an increased number of particles per unit area, and 
subsequently smaller particle sizes. The other mean is to decrease the quantity of matter during 
deposition, keeping constant all the other parameters, especially the substrate temperature. The 
density of particles per square nanometer remains the same, and the mean nanoparticles size 
decreases because of the lack of atoms available for the growth.  
For the sample B, the same ratio 2:1 between the two elements has been kept but with three 
times less copper and silver deposited (namely 2 nm of Cu and 1 nm of Ag in nominal thickness). 
These growth conditions have resulted in smaller core-shell nanoparticles with a smaller shell 
thickness.  
The same procedure as for the sample A has been used on sample B to obtain the size 
distribution of the CuAg and Ag nanoparticles as well as the shell thicknesses (Figure 6). First, the 
observation made on sample A is confirmed: one can note that perfect core-shell nanostructures are 
more frequently formed on the substrate, compared to sample A (Figure 6a). The size distribution 
on CuAg sample B presents a bimodal size distribution centred on 5 nm (FWHM 9.5 nm) for the 
first peak and 17 nm (FWHM 5.0 nm) for the second. The shell thickness distribution obtained from 
EFTEM images is centred on 2 nm (FWHM 0.5 nm), with values ranging between 1 nm and 3.5 
nm. This could be explained by a smaller initial Cu core size, suggesting a critical core size over 
which silver segregation is promoted. The origin of a critical core size may be linked to the way 
silver grows on the Cu nanoparticles. From crystal growth theory, it is well known that the growth 
rate is different depending on the Miller indices of the face exposed to incoming species. On the 
other hand, Cu nanoparticles exhibits three different morphologies depending on their size: 
icosahedral below 4.5 nm, decahedral between 4.5 and 7 nm (Mottet et al., 2004) and FCC Wulff 
shape above 7 nm (Henry, 1998). Icosahedral and decahedral shapes present principally (111) faces. 
As a consequence, the growth of the Ag shell will tend to be isotropic, and hence the thickness will 
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be homogeneous all around the Cu cores. Further experiments are currently under progress to detail 
this result.  
HRTEM core-shell arrangement characterization 
In addition to the EFTEM technique, it is interesting to consider the use of HRTEM to 
characterize the core-shell configurations on the substrate. Figure 7a shows a HRTEM image 
acquired on a core-shell nanoparticle. This image has been Bragg-filtered to compute a new image 
on which the contrast corresponds to the localization of {200} Ag lattice fringes (Figure 7b).  The 
radius of the mask for the filter has been chosen to ensure a resolution of one lattice fringe (i.e. 0.2 
nm). The same core-shell nanoparticle has been observed by EFTEM, and the corresponding image 
is presented on Figure 7c. By comparing the two images (Figure 7b and c), it is clear that trying to 
localize silver from the Bragg filtered image is totally misleading if we refer to the EFTEM image. 
The HRTEM images can give wrong chemical information because of both technical 
artefacts and limitations due to the sample. From a technical point of view, the best contrast 
conditions are usually obtained by defocusing the objective lens of the microscope in order to adjust 
the transfer function of the microscope to the so-called Scherzer conditions. Fringes delocalization 
occurs in this case. Moreover, Ag and Cu superimposition effects influence dramatically the image 
contrast. To extract quantitative information from HRTEM images in such case, one has to carry 
out image contrast simulations by continuously varying the thicknesses of the two materials, 
together with the focus of the objective lens (through-focus series). Conditions for which the Ag 
lattice fringes vanish completely can be identified by this way. Concerning sample limitations, the 
nanoparticles may not be perfectly in zone axis orientation due to the amorphous substrate, which 
disturbs the formation of lattice interference fringes for both Ag and Cu. It is also assumed that the 
Ag layer is perfectly relaxed to its own bulk lattice parameter, without any strain effects from the 
underlying Cu lattice.  Finally, if the Ag shell is locally slightly disoriented, the intensity will fall 
down in the Bragg-filtered image, and will result in misleading chemical information. To 
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summarize, it is worth noting that obtaining chemically interpretable HRTEM images is rather 
difficult, particularly if statistical analysis is required. In addition, for core-shell systems, in which 
the lattice parameters are very close, high resolution lattice contrasts appear the same on the images, 
and this technique is useless to distinguish between the core and the shell.  
This pessimistic presentation is tempered by the fact that, among the billion particles 
accessible to observation on the microscopy grid, a significant number will present good imaging 
conditions without most of the limitations exposed above. Hence, a good result is a question of time 
of experiment, but in no case HRTEM can replace EFTEM statistical efficiency for determining the 
different chemical arrangements. 
 
4. Discussion 
For the core-shell systems, characterizing statistically the segregation of silver by means of 
HRTEM only would have been a giant task. On the contrary, EFTEM imaging provides an answer 
on silver localization for each particle in the field of view of the recording camera, in an acquisition 
time of few tens of seconds. According to the arguments developed in the previous parts, the pre-
eminence of EFTEM over HRTEM is clearly demonstrated in case of chemical core-shell 
nanoparticles characterisation.  
For a large part of research teams working on core-shell nanostructures, either synthesized 
by chemical or physical route, the EFTEM technique could consist in a highly valuable help for 
characterizing such nano-objects. Another argument for the EFTEM promotion is the large number 
of filters available through the world, easily accessible through collaborations.  
More generally, even if intense research efforts have been conducted on global optical 
method to infer the structural nature (core-shell or not) of an assembly of nanoparticles (Chen, et 
al., 2003; Lu, et al., 2002), a local characterisation using EFTEM or other TEM techniques must 
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never be ruled out in order to take into account the potential complexity of layered nanoparticles as 
well as possible segregation of one species into a second population of pure element clusters, 
together with inhomogeneities within the specimen (Cazayous et al., 2006).  
The successful use of the EFTEM technique to characterize a given system is also dependent 
on some experimental considerations. The pertinence of the elemental mapping is based on a 
correct background subtraction to remove from the image the contribution of electrons coming from 
interactions with other elements and substrate. This correction may be difficult to achieve when 
another energy-loss edge corresponding to an element present in the specimen is close to the edge 
of interest. For instance, in our case, the tail of the carbon K edge at 284 eV was disturbing the 
acquisition of the first reference image necessary to subtract the background for Ag mapping, and 
we were forced to adapt the thickness of the carbon substrate and the position of the pre-edge 
windows consequently. Wrong background estimation can generate some artefacts in the final 
chemical map, misleading conclusions about the specimen. Fortunately, some techniques have been 
developed to overcome this problem (Egerton, 1996; Reimer, 1995).  
Another concern is the shape of the edge corresponding to a given element, which can be 
either ‘saw tooth-like’ (more or less blunted !) for most of the L-shell edges of III
th
 period elements, 
or ‘white line-type’ for elements of the IV
th
 period (until copper), according to the vocabulary 
widely used in the EELS community (Egerton, 1996). ‘White line’ edges are most favorable for 
EFTEM imaging because of the high number of electrons that can be selected within a narrow 
energy slit in the dispersion plane of the spectrometer. This is of main importance since the use of a 
large slit (to collect more electrons in a wider range of energies) hugely decreases the spatial 
resolution of the chemical map. The choice of the slit width is always a balance between the spatial 
resolution and the SNR.  
As it was pointed out in this paper, it is possible to overcome the above limitations by 
minimizing the thickness of the substrate and by determining the optimum energy position and 
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energy width of the windows (in the chemical map calculation) during the pre- and post-edge signal 
acquisition. Practically, the EFTEM technique and the criterion defined in this paper can be used for 
nanoparticles of any sizes, with shell thicknesses over 1 nm. 
Other local techniques using the TEM have been used to characterize core-shell 
nanoparticles. Li et al. (Li, et al., 2005) give an excellent example of how High Angle Annular Dark 
Field (HAADF) imaging can be used to obtain chemical information over an area of interest 
containing core-shell AuAg nanoparticles. A joined advantage for EFTEM and HAADF technique 
compared to HRTEM is that a low index zone axis orientation is not necessary, as they point out in 
their conclusion. Garcia-Gutierrez et al. (Garcia-Gutierrez, et al., 2004) also use HAADF to 
evidence the core-shell structure in AuPt through the contrast produced by the strain field between 
the Au core and the Pt shell, but in cases where the nanoparticles are oriented along a zone axis. 
5. Conclusion  
In summary, the way a system can be detailed in term of core-shell structure at the nanoscale 
by the EFTEM technique has been fully demonstrated on the CuAg system, naturally forming non-
alloyed nanoparticle configurations. The approach presented in this paper can be very useful to a 
large community of researchers involved in nanostructured core-shell or alloyed systems 
characterisation (Amalvy et al., 2005; Horiuchi & Dohi, 2006). EFTEM and HRTEM techniques 
are shown to be complementary since HRTEM can provide invaluable structural information at the 
atomic level whereas EFTEM can give a straight answer about the chemical features of the 
specimen. Like the EDX technique, the use of the EFTEM technique can be either in a routine and 
qualitative way or, at the opposite, very fine and quantitative, with new developments frequently 
published to improve the technique (deconvolution, spectrum imaging, drift corrections…) 
(Egerton, 2003; Grogger et al., 2005). 
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Figure Captions 
 
Figure 1. (a) Cu L2,3 edge, and (b) Ag M4,5 edge. Spectra are obtained by selecting a large area on 
the B specimen. Background has been subtracted on the two spectra. 
Figure 2. (a) Ag chemical map of an area on sample A, (b) Cu chemical map of the same area and 
(c) Color-coded chemical map with Ag (blue) and Cu (yellow). Note the presence of pure Ag 
nanoparticles that have nucleated separately on the substrate. 
Figure 3. (a) EFTEM image of sample A, together with intensity profiles corresponding 
respectively to a core-shell particle (left) and a pure Ag particle (right). Profile positions are 
reported on the EFTEM image (white rectangles). (b) Geometrical transverse profile of a supported 
core-shell nanoparticle. 
Figure 4. Statistical measurements on sample A – a) Size distribution showing the superimposed 
distribution of pure Ag nanoparticles and CuAg nanoparticles, and b) shell thickness distribution 
(spatial error for the shell thickness measurements: 1 nm approximately). 
Figure 5. High resolution image of a core–shell nanoparticle of sample A, oriented along the [111] 
systematic row, showing large and dark moiré fringes superimposed. The inset of the figure shows 
the power spectrum of the image. 
Figure 6. (a) Ag chemical map obtained by EFTEM technique on sample B, (b) size distribution 
showing the superimposed distribution of pure Ag nanoparticles and CuAg nanoparticles, and (c) 
shell thickness distribution (spatial error for the shell thickness measurements: 1 nm 
approximately). 
Figure 7. (a) HRTEM image, (b) Bragg filtered image and (c) EFTEM image of the same 
nanoparticle oriented along the [110] zone axis. 
